This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



unr. Z> *e *(> ^ *W 




30 



35 



40 



PATENT SPECIFICATION ("> 1548 431 
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C3R 22C 22D1AX 22D1B2 22D2A2 22D2AX 22D2BX 
22D3B 22D3DX 22N1B Cll C14A C22 C23 C27 
C28A C28X C33B C5B1 C5B2 C6X 
(72) Inventors EDUARD SCHMID and WOLFGANG GRIEHL 

(54) POLYAMIDES 

(71) We, INVENTA AG FUR FORSCHUNG UND PATENTVERW^- 
TUNG, Zurich, a Swiss body corporate, of Stompfenbachstrasse 38, 
land, do hereby declare the invention, for which we pray that a patent may )*ganted 
to us, and the method by which it is to be performed, to be particularly described in ^ 
5 and by the following statement: — aT>fl 

This invention relates to glass-clear transparent polyamide, its manufacture and 
its use. e.e. in injection moulding. ... * - _ 

It is well known to manufacture polyamides and copotyamides from amines of Ae 
dicyahe type, i.e. di(4-arnmocydohexyl) alkanes, as wdl as from M'^iarnmochcydo- 
10 he^e(s) However, such copolyamfdes have disadvantages m workability, m 

mechanical properties, or in stability of transparency in boiling water or orgamc kqiads 
and solutions, or in the prices of the raw materials that have to be used. In general, 

liquid isomer mixtures of these amines are used. „ . . . _ c~*~fi~*rio« 

The dicycane class of amines has been described m British Patent Sp^fication 
15 No. 619,707. Although the copolyamides described in that specification have good « 

diaraaeristics, furrheT niprovement in their workabiKty and in odier properties such 
as their stability of transparency in boiling water and their stability m solutions and 
solvents, as well as in regard to their hydroiytic decomposition, would be desirable. 
Further, h would be desirable to use cheaper starting materials. . 20 

20 Other known methods for the manufacture of transparent poryamito usmg w 

diam£es"f Se dicycane type are disclosed in Swiss Patent Specification No. 449^57, 
nVtFs. Patent Specifications Nos. 2,494,563; 3,842,045 and 3,840^01, and m 
Japanese Patent A^pHcation No. 7 211 502. In addition to the dicycane^Jong ch^ 
reE^ costly, dicarboxylic acids such as azelaic acid, sebadc aod or dodecan«hoic 
25 addrfThlve to be used in order to obtain productewhich ^ve a mlerabry low 25 

mdt viscosfty for workability, eg. below 10,000 to 20,000 poise at 300°C Ub*W 
add, which is relatively cheap, is used as the sole add component, a coloured end 
product is frequently obtained, with a glass conversion temperature and melt viscosity 
which are so high for ordinary temperatures of treatment <mat co-components, eg. so- 
called AH-salts (adipic acid-hexamemylenediamine salts) or capro&ctam, have to be *™ 
used in order to lower these values. The polyamides manufactured m tins way nave 
poor stability in hot water and solvents and have a relatively large absorption capacity 
for water, resulting in volume variations during conditioning in the moulding obtained 

^ m U^^Pa^^pecification No. 2,696,482 describes a transparent poryamide, 35 
prepared from dicycane and isophthalic add, which is very resistant to hot water. 
However, in order to obtain a good result from the condensarion leac^ lte Aptoyl 
ester of isophthalic add must be used, or phenol must be added to the jwlycondensauon 
mixture as the solvent or the filling plasticiser. On account of the higfr ttnaperature of 
plastidsation and the high melt viscosity of the resultant polyamide melt, wortang w 
temperatures around 330°C are necessary. The maximum water absorption of this 

^^S°4mides described in U.S. Patent Spedfication No. 3,847,877, which 
are obtained from an isophthalic add-terephthaMc add rnixture which also contains 
45 nylon .6 as a co-component, display a similarly high water absorption capaaty and 

tend to doud after a few days when treated with boiling water. The transparent poly- 



45 
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amide described in U.S. Patent Specification No. 3,597,400, which is manufactured 
from an isophthalic add-terephthalic acid mixture and a dicycan-diamin ohexane 
mixture with a large proportion of diaminohexane as diamine component, exhibits 
far too high a water absorption capacity. Thus, when storing such polyamides in 
5 water, the softening point drops to 50— 60°C 5 

It has now surprisingly been found that glass-clear transparent polyamides can 
be manufactured with good mechanical characteristics, together with excellent stability 
of transparency in boiling water. According to the present invention, such polyamides 
are prepared by Decondensation of 
10 (a) a diamine of the formula 10 




^) m 2 



wherein Z is a bond or an alkylene chain of from one to 6 carbon atoms which may 
be optionally substituted by one or more methyl groups, and wherein each cydo- 
hexane ring may optionally be substituted by one or more methyl groups; 
IS (b) a substantially stoichiometric amount, based on the amount of component 15 

(a) , of a dicarboxylic add or add mixture consisting of from 50 to 100% of iso- 
phthalic add, from 0 to 50% (mol. or by weight) of terephthalic add, and from 0 
to 15 mol. % of other polyamide-forming dicarboxylic acid or adds having at least 
8 carbon atoms; and 

20 (c) from 30 to 40% by weight, based on the total weight of components (a), 20 

(b) and (c), of a further polyamide-forming component which (i) a «>-amino-add 
having at least 10 carbon atoms, or a lactam thereof, or (ii) a salt, or a stoichiometric 
(1:1) mixture, of an aliphatic dicarboxylic add of the formula 
HOOC— CpH*,,— COOH and an aliphtic diamine of the formula H 2 N — QH Jtl — NH 2 

25 wherein p>6, q>6 and p+q>18 and there are at least 6 carbon atoms in the chain 25 

between the amide-forming groups; 

subject to the condition that the total weight of any aliphatic cticarboxyiic add 
of component (b) and of component (c) is from 30 to 40% by weight, based on the 
total weight of components (a), (b) and (c). 

30 It is to be understood that mixtures of the specified additional components can 30 

be used within the scope of the present invention. 

Z is preferably of the formula — (CRiRj)* wherein R x and R a are independently 
selected from hydrogen and methyl and n is zero or an integer of from one to 6. The 
preferred amount of component (c), based on the total weight of components (a), 

35 (b) and (c), is frm 35 to 40% by weight. 35 

Preferred diamines of the dicycane type, for use as component (a), are bis(4* 
amino - 3 - methylcy d ohexy 1 ) methane and 2,2 - bis (4 - ammocydohexyi) propane. 
Other suitable compounds indude 4,4' - diamino - dicydohexytaethane and 1,2- 
bis(4 - arninocydoheryi ) ethane. In practice the usual isomer mixture of such a diamino 

40 compound is used. Such mixtures are, for example, liquid at 25 °C 40 

Isophthalic add alone is preferred for use as component (b). Alteroativdy, a 
commercial mixture of isophthalic add and terephthalic add may be used. The iso- 
phthalic add or isophthalic add add-terephthalic add mixture may also contain up 
to 15 mol %, based on the add or mixture, of another polyamide-forming dicarboxylic 

4i> add. Suitable adds of this type contain at least 8 carbon atoms, Le. there are at 45 

least 6 carbon atoms other than the carboxyl groups and are preferably suberic add, 
azelaic add, sebadc add, dodecanedioic add or a side chain-substituted homologue. 
Preferably no other polyamide-forming dicarboxylic acids are used. 

Preferred amino- acids for use as component (c) are arninolauric acid and 

50 aminoTindecanoic add. The preferred lactam is the lactam of arninolauric add i.e. 50 

laurolactam. Salts or stoichiometric mixtures for use as component (c) are of 
diamino-alkanes, preferably of the formula H,N — (CH,) P — NH„ and <r,*>-aJkane 
dicarboxylic adds, preferably of the formula HOOC — (CR,) q — COOH wherein p 
and q are as defined above, although their side-chain substituted homologues may also 

55 be used. Preferred diamines are 1,6 - diaminohexane, 1,8 - diaminooctane, 1,9- 55 

diaminononane, 1,10 - diaminodecane, 1,12 - diarninododecane and trimethyihexa- 
methylenediamine. Preferred cticarboxyiic adds are azdaic, sebadc and dodecanedioic 
adds. These diamines and dicarboxylic adds can be combined as desired to form 
salts. Examples of salts are the 1,12 - diarninododecane - dodecanedioic acid salt and 
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salts of azelaic or sebacic acid with diaminohexane, diaminooctanc, diaminododecane 
or diaminononane. Generally, 9<p<20 and 9<qf<^0. . . - o 

"Amide-forming groups" are — NH 2 and — COOH groups. A derivative of a 
carboxyl group which is capable of reaction may also be such a group e.g. an ester or 
acid halide, and these derivatives can be used in the invention e.g. as aad (blondes or 
methyl or ethyl esters. The same is the case, in principle^ for the acids used as 
component (b). In practice, however, the free dicarboxylic acids are generally 
preferred. Components (a) and (b) can also be m salt form. . . 

The polymers of the invention are generally manufactured in accordance with 
known polycondensation methods. The diamine and. ^«rbo^caads must be present 
in equivalent amounts so that the products which are obtained have 
molecular weights. By using an excess of diamine or mcaibo^caad in Ae taction 
mixture, the chain length of the product can be adjusted. The chain length can also 
be restricted by adding a predetermined quantity of a monoamine or a monocarboxyUc 
ado^thl reaction mixture. It will be appreciated that, for component (c), the 
equivalent weight of cu-amino acids or their lactams is equal to the molecular weight. 
For the salts and stoichiometric mixtures of diamines and dicarboxylic acids, tne 
equivalent weight is equal to half the sum of the weight of the dicarboxyhc aad and 

d WkHn a. <*-amino acid or lactam is used as component (c), the general synthetic 
procedure is to introduce the acid, e.g. aminoundecanoic acid, directly to the reaction 
mixture. If, say, laurolactam is used, it is added to the reaction mass, but it is necessary 
to carry out a compression phase prior to the polycondensation proper, so that the 

^fSSc acids and diamines are used as component (c), tte acids ; and 
amines canteadded individually or in the form of a salt. Sate of straigta .cham 
dicarboxyhc acids and «,co-dianiines can be prepared fairiy raddyj md ™fmchio- 
metric problems occur with the use of pure salts. If, as is preferred, a mixture of 
diamine with isophthalic acid or with an isophthalic aod^terephthalic ^ imxtore 
and lauric lactam is used, the educt mixture obtained, still containing some water is 
first subjected to compression treatment to open the lactam nng. The Pressure is then 
released and the water is drawn off under an inert gas or vacuum during the poly- 
condensation. If diamines and dicarboxylic acids are used, either ^du£y or^s 
salts, the neutralising reaction is carried out at tempenmires atwmcb, bya^ingsome 
water, a suspension which can be stirred, or a melt, is obtained, and tte temperature 
is then raisedin steps. To avoid amine losses, pre-condensation can be earned out 
in a closed system under pressure. This pressure is then released. A subsequent vacuum 
stage may be added, and this may be accompanied by a further step-wise increase ot 

^oSes^wm^re conventionally used in the manufacture of ^yamides can 
be added to the polycondensation mixture before, during or towards the end °t poly- 
condensation. These additives are preferably soluble in polyamide on account of their 
effect on transparency. Suitable additives are, for example, light and heat stabilisers 
e e. aromatic amines such as diphenylamine, phosphoric compounds such as phosphoric 
aad, and/or soluble metal compounds e.g. of copper or manganese, colourants, optical 
brighteners, plasticisers, mould release agents, flame-resistant agents and, when trans- 
parency of the polyamide is less important than mechanical charactenstics, remforcing 
materials such as glass fibres, asbestos fibres, glass beads or mineral fillers. Many of 
these additives can naturally also be rolled into or extruded with the polymer. 

Generally speaking, the basic starting materials used for the manufacture ofthe 
copolyamides of the invention are well suited to polycondensation in the melt. They 
STreSt to high temperatures and scarcely colour during polycondensation even 
when temperatures of 280 to 320° C are used. This is in contrast to the use of a hexa- 
memylenea^mine-adipic acid salt (which is excluded from the ^vennon). If the 
polya^de-formmg component (c) is used in an amount of from 30 to 40% by weight, 
the end product has a glass conversion temperature of approximately 140 to 170 C 
and displays stability of transparency in boiling water over several weeks. It is 
especially advantageous to use an amount of component (c) such that the glass 
transition temperature (Tg) of the copolyamide is within the temperature range 1 50 
to 170°C and that when, on reducing the quantity of component {c) 9 tne glass 
transition temperature rises, and falls on increasing the amount. 

The meltviscosity, at 300° C, of the copolyamides obtained in accordance with 
the invention is, in the case of average polymerisation grades of polymers of from 
80 to 200, when each unit is considered as a member of the chain, approximately 2,000 
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to 15,000 poise and can be, as is preferred, approximately 4,000 to 10,000 poise. This 
ensures good workability in injection moulding machines. 

The polyamides of the invention are especially suitable for use in so-called 
injection moulding methods, for the manufacture of various moulded parts. Depending 

5 on the melt viscosity of the granulate used, injection temperatures of 270 to 310°C 

or, if necessary, even higher can be employed when the risk of colouration is slight. 
The material displays good flow and forming characteristics. In order to achieve 
better mould filling the tools can be tempered without affecting the mould release 
properties. In general, it is unnecessary to coat the granulates with lubricants such 

10 as calcium or magnesium stearate. 

The transparent pdyamide of the invention may be mixed or alloyed with another 
homopolyamide, copoly amide or polyamide mix ture This may be achieved by co- 
extrusion of the granulates. For example, nylon 12, nylon 6 or nylon 66 can be used 
as additional homopolyamides. Suitable additional copolyamides are those which 

15 contain the same monomers as the above homopolyamides. Preferably not more than 

50% by weight of such additional polyamides are used, based on die total weight of 
the mixture. By allowing a further component to the polyamide of the invention, the 
mechanical properties of the original polyamide can be varied. For example impact 
strength and notch impact strength can be improved in this way. If a polyamide which 

20 is used as an additional component is primarily introduced as a (c) component (for 

example nylon 12) the transparency stability of the alloy in boiling water is only 
slighdy affected. 

The following Examples illustrate the invention. In the Examples, IPS represents 
isophthalic acid, IPS — 95 represents a mixture of isophthalic acid and 5 mol. % of 
25 terephthalic acid, and TPS represents terephthalic acid. Further, in the Tables, 

proportions by weight of additives are based on the sum of the components, and the 
various symbols are as follows: 

Cond. con.: condensation conditions; 

co. time: total condensation time in hours; 

30 co. temp.: maximum condensation temperature in the end phase of the poly- 



n rel: relative viscosity measure in a 0.5% w/w solution of the polymer in 

m-cresol at 25°C; 

DTA, Tg: glass transition temperature measured on a dry specimen of the 
35 polymer with a differential calorimeter of the IB type supplied by 

Perfcin-Elmer, with a heating rate of 32 degrees per C/min. and a 
sensitivity in accordance with R 16; 

fj melt: melt viscosity (a measure of the flow behaviour of the polyamide 

melt), determined at a melt temperature of 290°C under a load of 
40 12.5 kp with a melt index instrument supplied by Goettfert, type 

MFI 21.6 using an 8 mm long nozzle of diameter 2.1 mm. 

The transparency stability in boiling water is qualified as follows: 

very good a sheet displays a transparency stability in boiling water of several 
weeks; 

45 good a sheet displays a transparency stability in boiling water of approxi- 

mately 3 days; 

average a sheet displays a transparency stability in boiling water of approxi- 

mately 1 day; and 

bad a sheet becomes doudy in boiling water within a few hours. 

50 In Table 1, in the first column, types and propoitions by weight of component (c) 

are shown, The second main column contains the equivalent ratio of the starting 
materials used, where, for the purpose of direct comparison with component (c), where 
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in part amino acids and in part salts arc used, the standard formula refers to one pair 
of amide-forming groups. . . . 

Table 2 contains, in the first column, the variations in relation to the mam aad 

CmI Mo? t or ^proportion by weight means that where a proportion of comr^entjb) 
is replaced by another dicarboxylic acid, this proportion (mol. or by weight) refers 
solely to component (b). . . . 

In tests according to Tables 3 and 4 where the amine component (a) is vaned, 
the following appHes: 

Dimecycane: 4,4'^amino-33'-dimethyldicyd^ 
Dkypropane: 2,2-bis ( 4-aminocydohexyl ) propane 
Dicycane: 4,4'^ammooUcydohexylmethane 

Column 1 of Table 3 shows the molar ratio of the individual diamines referred 
to the total diamine component (a). . . . . . 

The main column 2 of Table 4 shows the proportions by weight of the additives 
other than components (a), (b) and (c), in percentages by weight, based on the sum 
of the starting materials. 

Examples 1 to 6. 

In the following Examples, component (c) was varied. 4,4' - Diamine* 3,3 - 
oUniemyldicydohexylmethane in the form of the commercially available kquid isomer 
mixture (BASF, W. Germany) was used throughout as component (a), and Ir*5— so 
(Amoco, U.S.A.) as component (b), and in each case the molar ratio of these two 
components was 1:1. The proportion by weight of component (c) is between 36 and 
39%, based on the sum of the starting materials. The molar proportion of component 
(c) varies between 1.1 and 1.55 per mole of component (b). The amount of com- 
ponent (c) was established as follows: by the addition of component (c), 12 carbon 
atoms must be introduced into the polyamide chain per amide bond m components 
(a) and (b). According, the molar proportion (a*) of component (c) to be deter- 
mined, multiplied by the average number of carbon atoms (K,) of component (c) 
per amide group in component (c), including the carbon atom of the amide group), 
yields the constant value of 13. Expressed algebraically: 

a* No=13 

Evaluation of this relationship for each Example given shows (that the preferred amount 
of component (c) is from 35 to 40% by weight, based on the sum of tbejvcights of 
the starting substances. It is therefore preferred to use component (c) ingredients with 
a high average number of carbon atoms such as, for example, armnolaunc aad and 
the salt of diaminododecane with sebacic or dodecanedioic acid. 

Examp le 7 and Control A. 

The proportion of component (c) in these two experiments is such tto com- 
pletely transparent polyamides are still obtained but, in the case of Control A, the 
stability of transparency in boiling water is not as good as die product of Examples 
1 to 6. The material remains transparent for only a few hours. . . - . 

The product of Example 7 is somewhat brittle, as compared with the other 
products. 

Working specifications for Examples 1 to 7 and Control A. 
The components were weighed in a glass condensation apparatus, the air was 
completely replaced by nitrogen, the apparatus was irnmersed in moltp Salt, and the 
temperature of the educt mixture was raised to about 230°C. with stirring. The jwe- 
condaisation was thereby Initiated, "and the" bulk of the reaction water was distilled 
off. The melt was thus made increasingly more viscous. The temperature was men 
raised so that, after one hour, it was 280 to 300°C In each case, after a total conden- 
sation time of 3i to 6 hours, the test was ended- The agitator was removed from the 
melt and this was broken out from the glass tube after solidification. The analyses ot 
the completely transparent materials were deterrnined as shown at the end of me 
Table. 
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at 280° C Finally, the temperature of the melt was raised to approximately 300°C 
and stirred for approximately 4 hours, until no further rise in viscosity of the melt 
could be detected. 

The product was taken from the autoclave and granulated. Its relative viscosity 
5 of solution was 1.512 and its melt viscosity 10,500 poise at 280°Q measured under 5 

a pressure of 12 J kg. Its glass conversion point was 151°C 

ASTM test bars and small DIN bars (50 X 5 X 4 mm.) were injection moulded 
on an injection moulding machine at 280° C cylinder temperature, and the mechanical 
characteristics determined. The tensile strengths at yield and break, according to DIN 
10 53455, were respectively 950 and 650 kg per cm*. The flexural strength at deflection, 10 

according to DIN 53452, was 1200 kp/cm*. When determining the impact strength, 
according to DIN 53453, the material did not break. The notch impact strength of 
the material, according to DIN 53453, was 2 cm kp/cm*. The material displayed a 
bail indentation hardness, according to VDE 0302, after 60 seconds, of 1100 kp/cm*. 
15 In commercially available transparent polyamides, the moisture absorption under these 15 

conditions is generally about twice as high in each case. 

As a result of the comparatively low moisture absorption, the mechanical proper- 
ties of the products of the invention vary only slightly, even in water. Further, the 
dimensional stability of injection mouldings made from the polyamides of the invention 
20 is very good. 20 

WHAT WE CLAIM IS:— 

1. A process for preparing a polyamide, comprising the polycondensation of 
(a) a diamine of the formula 




25 wherein Z is a bond or an alkylene chain of from one to 6 carbon atoms which may 25 

optionally be substituted by one or more methyl groups, and wherein each cyclo- 
hexane ring may optionally be substituted by one or more methyl groups; 

(b) a substantially stoichiometric amount, based on the amount of component 

(a) , of a dicarboxylic acid or acid mixture consisting of from 50 to 100% of isophthalic 

30 acid, from 0 to 50% (moL or by weight) of terephthalic add, and from 0 to 15 3° 

mol. % of other polyamide-forming dicarboxylic acid or acids having at least 8 
carbon atoms; and 

(c) from 30 to 40% by weight, based on the total weight of components (a), 

(b) and (c), of a further polyamide-forming component which is (i) a ^-armno-acid 

35 having at least 10 carbon atoms, or a lactam thereof, or (n) a salt or a stoichiometric 35 

mixture of an aliphatic dicarboxylic acid of the formula HOOC — CpH 2o — COOH 
and an aliphatic diamine of the formula H,N — QH^ — NH S wherein p>6, q>6 
and p+q^l8 and there are at least 6 carbon atoms in the chain between the amide- 
forming groups; 

40 subject to the condition that the total weight of any aliphatic dicarboxylic acids 

of component (b) and of component (c) is from 30 to 40% by weight, based on the 
total weight of components (a), (b) and (c). 

2. A process according to claim 1 in which component (a) comprises bis(4- 
ammc^3-memylcydohexyl) methane. 

3. A process according to claim 2 in which the diamine is used in the form of 
45 a liquid isomeric mixture. 

4. A process according to any preceding claim in which component (b) consists 
of isophthalic acid. 

5. A process according to any preceding claim in which component (c) comprises 
aminolauric acid. 

50 6. A process according to any of claims 1 to 4 in which component (c) comprises 

laurolactam. 

7. A process according to any preceding claim in which the amount of component 

(c) is from 35 to 40— by weight, based on the total weight of components (a), (b) 
and (c). 

55 8. A process according to claim 1 substantially as herein described with reference 

to any of the Examples. 

9. A polyamide prepared by a process according to any preceding daim. 
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